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Abstract 

The total abundance of any mRNA is determined by several factors, principally the rate of new gene transcription and the 
stability of the mRNA. lnterIeulun-5 (IL-5) is a cytokine with an important role in supporting the proliferation, survival and 
activation of eosinophils. Gene transcription of IL-5 mRNA m human T cells was assessed by the conventional nuclear run 
on assay, but the signal strength was too low for satisfactory analysis. A novel run on assay was developed in which nuclei 
were incubated with and without nucleotides, and transcripts were detected by reverse transcription-polymerase chain 
reaction (RT-PCR). The difference between the samples with and without nucleotides was a measure of the amount of new 
transcription. 11^5 gene transcription was not detected in unstimulated T cell line HSB-2 cells or in unstimulated human T 
cells prepared from peripheral blood. Transcription was rapidly induced by a variety of stimuli, and ceased by 4-^ h after 
activation. This method is applicable to odier genes expressed at low abundance, such as cytokine genes. mRNA stability 
was measured by quantitative RT-POt After activadon with ph(»bol myristate acetate and iooomydn. the half-life of IL-5 
mRNA was 2.6 h in HSB-2 cells and 4.0 h in T cells pr^Kued from human blood. These data, taken together, indicate that 
human IL-5 mRNA is predominandy regulated at die level of gene transcription. 

Keywords: Cytokine; Gene expression; T lymphocyte; RNA processing 



1. Introduction 

The ultimate steady-state level of any mRNA 
species is depeiident on the interplay of various 
elements influencing the rate of gene transcription, 
the processing of transcripts and the rate of mRNA 
degradation. The nuclear run on (run off) assay is 



Abbreviations: PBMC, peripheral blood mononuclear cells; 
RT-PCR, reverse transcripUon-poIymerase chain reaction 
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currently the most sensitive assay for measuring 
specific gene transcription and allows the direct mea* 
surement and comparison of gene transcription in 
various cells in response to different stimuli and/or 
inhibitors (McKnight and Palmiter, 1979; Greenberg 
and Ziff, 1984). This assay is often used to assess 
whether changes in the mRNA levels of a particular 
gene reflect a change in its synthesis as opposed to a 
change in the rate of mRNA degradation, mRNA 
processing or nucleocytoplasmic transport of mRNA. 
The procedure involves the Isolation of cell nuclei 
and incorporation f nucleoUdes labelled wiUi ^^P 
into nascent RNA transcripts. The transcripts arc 
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then detected by dot blot hybridisation. However, the 
assay requires the preparation of large numbers of 
nuclei and it is not sufficiently sensitive to study 
transcripdon of genes expressed at low abundance. 

Interleukin-5 (IL-5) is a cytokine which in hu- 
mans selectively induces the proliferation and differ- 
entiation of eosinophils (Cluttcrbuck el al.. 1989; 
Ema et al., 1990). IL-5 mRNA was detected in die 
bronchial mucosa of asthmatic patients with 
eosinophilia but not in diose paUents with no 
eosinophil infiltration nor in normal controls (Hamid 
et al., 1991). Recent work using double immuno- 
cytochcmistry and in situ hybridisation, revealed that 
the primary source of IL-5 in bronchial biopsies and 
bronchoalveolar lavage cells in atopic asthmatics 
was activated T cells, representing greater than 70% 
of die positively staining cells (Ying et al., 1995). In 
animal models of pulmonary hyperresponsiveness, 
injections of monoclonal antibodies to IL-5 com- 
pletely suppressed die blood and tissue eosinophilia 
and bronchial hyperresponsiveness in response to 
allergen challenge (Okudaira et al., 1991), Likewise 
in mice widi disrupted IL-5 genes, eosinophilia and 
bronchial hyperresponsiveness could not be induced 
(Foster et al., 1996). Despite its biological impor- 
tance, human 11^5 is expressed in low abundance. Its 
protein is only produced by a few percent of T cells 
from peripheral blood after activation (Jung et al., 
1995). mRNA for IL-5 was not detected by Northern 
blotting of activated human PBMC under conditions 
that readily detected mRNA of the related cytokines 
IL-3 and GM-CSF (Guiffre et al., 1993). 

Previous studies on human IL-5 mRNA expres- 
sion have demonstrated induction of IL-5 mRNA 
accumulation after activation of human T lympho- 
cytes via die T cell receptor. Protein syndiesis is also 
required (Staynov and Lee, 1992; Van Straaten et al., 
1994). However, no previous studies have investi- 
gated whether diese increases in mRNA expression 
in human T lymphocytes are a result of increased 
rates of gene transcription or enhanced IL-5 mRNA 
stability. We have investigated the effects of various 
stimuli on die rate of IL-5 gene transcription and on 
total IL-5 cellular mRNA expression in human T 
lymphocytes. Conventional nuclear run on assays 
were performed, but were unable to detect IL-5 gene 
transcription. Therefore the PGR was employed to 
develop a novel nuclear nm on assay, which readily 



detected inducible transcription of die human IL-5 
gene in response to a variety of stimuli. 



2. Methods 

2./. Cell culture 

The human T leukaemia cell line HSB-2 was 
maintained in complete medium consisting of RPMl 
1640 (Gibco-BRL) supplemented widi 10% (v/v) 
heal inactivated foetal calf serum (CSL, Melbourne 
Australia), 2 mM glutamine (Gibco-BRL), 100 U/ml 
penicillin, 100 |JLg/ml streptomycin (Gibco-BRL) 
and 20 mM HEPES (CSL). Peripheral blood 
mononuclear cells (PBMC) were isolated from the 
blood of healdiy volunteers by Ficoll-Hypaquc 
(Pharmacia, Uppsala, Sweden) density gradient cen- 
trifugation. Aliquots of PBMC (I X 10^ cells/ml) 
were stimulated widi phytohaemagglutinin (PHA, 
Bunoughs-Wellcome, Dartford UK ) (1 \ig/m\) on 
day 0, diluted 5 X widi complete medium supple- 
mented widi human rIL-2 (5 U/ml) (Boehringcr 
Mannheim, Germany) on day 3, and maintained in 
culture for an additional 4 days. These cells will be 
referred to as 7-day-cultured PBMC, and represent a 
population of 99% T cells as demonstrated by cell 
surface phenotyping. 

2.2. Isolation of nuclei 

HSB-2 cells or 7-day-cultured PBMC were stimu- 
lated with phofbol l2-myristate 13-acetate (PMA, 
Sigma-AIdrich, Sl Louis, MO. USA) (4 ng/ml) 
and/or ionomycin (Calbiochem, La Jolla, CA, USA) 
(1 p.g/ml). 7-day-cultured PBMC were also stimu- 
lated widi PHA (1 \ig/tnD or widi rIL-2 (10 U/mO 
for 3 h. Cells were harvested at 400 X ^ for 5 min at 
4^C, washed 3 times widi ice-cold PBS and resus- 
pended in 5 ml of ice-cold lysis buffer (3 mM 
MgClj. 1 mM KCl, 10 mM Tris-HCl, pH 7.4) 
containing 0.3% NP-40 (Sigma). Cells were incu- 
bated at room temperature until lysed and dien lay- 
ered on 10 ml of sucrose cushion (30% sucrose in 
lysis buffer containing no NP-40). Following cen- 
trifugation at 600 X g for 10 min at 4®C. die nuclear 
pellet was resuspended in 100 fil of nuclear storage 
buffer (50 mM Tris-HCl, pH 83, 40% glycerol, 5 
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mM MgCIj, 0.1 mM EDTA). Nuclei were cither 
stored in liquid nitrogen, or used immediately, 

2.i. Nuclear run on transcription assay 

Nuclear nin on assays were performed as de- 
scribed (Naora and Young. 1994). Fresh or thawed 
nuclei (100 jtl) were incubated for 30 min at 30''C in 
a total volume of 200 p.1 containing 20% glycerol, 
30 mM Tris-HCI, pH 8.0, 2.5 mM MgOj, 150 mM 
KCl, 1 mM DTT, 0.5 mM each of rATP, iCTP and 
iGTP, 100 ftCi [a-^PlrUTP (3000 Ci/mmol. 
Amersham) and 40 U RNasin (Promega, Madison, 
WI). Any contaminating DNA and protein was re- 
moved by successive incubations with 40 U of RQl 
RNasc free DNase (Promega) at 37**C for 30 min, 
followed by proteinase K (200 ftg/ml) in 1% SDS, 
5 mM EDTA and 10 mM Tris-HCI. pH 7.4, at 37^C 
for 45 .min. The samples were then phenol/chloro- 
form/isoamylalcohol (25/24/1) extracted and 
ethanol precipitated twice to remove any unincoqx)- 
ratcd radionucleotides. The RNA was resuspended in 
100 \l\ of TES solution pH 7.4 (10 mM (iV-tris(hy- 
droxymethyl)methyl-2-aminoethanesulphonic acid) 
pH 7.4; 10 mM EDTA; 0.2% SDS). 

Plasmids containing cDNA for human IL-5 and 
GAPDH cDNA were provided by Dr I. Young (John 
Curtin School of Medical Research, Canberra) and 
Dr G. Goodall (Tlie Hanson Centre for Cancer Re- 
search, Adelaide), respectively. 5 jtg of the IL-5 308 
bp Styl/Bgin fragment or the GAPDH 153 bp 
Sacll/Xbal fragment were incubated with an equal 
volume of 1 M NaOH at 37''C for 10 min. The DNA 
solutions were then applied to Hybond-N + nylon 
membrane (Amersham, Amersham, UK) and dried. 
The plasmids were hybridised Co the nuclear run on 
transcripts as described (Naora and Young, 1994) 
with a few modifications. Filters were prehybridised 
overnight at 65X in TES: NaCl solution (TES solu- 
tion, 1 X Denhardt*s solution and 200 M.g/ml dena- 
tured yeast transfer RNA). Fresh hybridisation solu- 
tion was added prior to the addition of nuclear ran 
on transcripts and hybridisation performed for 36 h 
at 65'C. The filters were then washed in 2 X SSC at 
65'C for I h, incubated at 3T*C in 2 X SSC contain- 
ing 20 M.g/ml of RNase A (Sigma) for 30 min, and 
washed in 2 X SSC at 3rc for 1 h. Transcription 
was analysed by autoradiography at -70*C. 



2,4. PCR based nuclear run on assay 

Fresh or thawed nuclei (200 jjil) were split into 
two aliquots and incubated for 30 min at 30'*C in 
20% glycerol. 30 mM Tris-HCI, pH 8.0, 2.5 mM 
MgClj, 150 mM KCl, 1 mM DTT and 40 U of 
RNasin (Promega). 0.5 mM each of rATP, iCTP 
KjTP and rUTP were added to one aliquot. No 
rNTPs were added to the second aliquot. After 30 
min, the nuclei were lysed by the addition of 200 pA 
of 4 M guanidiniura thiocyanatc» 25 niM sodium 
citrate. pH 7, 0.5% sarcosyl, 0.1 M 2'mcrcapto- 
ethanol. 20 jig of yeast tRNA was added and RNA 
was exu-acted by the acid-guanidinium-thiocyanate 
method as described (Chomczynski and Sacchi, J 987) 
and resuspended in water treated with diediylpyro- 
caibonate (DEPC). 

cDNA was synthesized as described (Rolfe et al., 
1992). In brief, RNA was heated to 65°C for 5 min 
and made up in 50 jil with dNTPs at 250 jJiM each, 
200 ng of oligo(dT),j.„ (Pharmacia), 4 U AMY 
Reverse TYanscriptasc (Pharmacia) and I X RT buffer 
(Pharmacia). The samples were incubated at 42T for 
60 min then heated to 65°C for 5 min. PCR amplifi- 
cation and detection of products were performed as 
previously described (Rolfe et al., 1992). In brief, 
reaction mixtures contained 200 \iM of each dNTP, 
250 ng of each primer. 1 U of To^ DNA Polymerase 
(Boehringer Mannheim, Mannheim, Germany) in 1 
X PCR buffer (Boehringer Mannheim) to a volume 
of 50 jil. IL-5 was amplified for 35 cycles and 
p-actin for 30 cycles of 95°C for 1 min, 60**C for 
IL-5 or 58T for P-actin for 30 s, and 72**C for 30 s. 
using a Gene Machine (Innovonics, Victoria). Com- 
parisons were made with different amounts of start- 
ing material to ensure that PCR products were still 
accumulating exponentially when the reactions were 
terminated. Oligonucleodde primers were designed 
to bind to exons and to span one or more introns, so 
that cDNA from heteronuclear RNA would yield a 
larger PCR product than cDNA from fully spliced 
RNA. The hybridisation primers were designed to 
bind to a region of cDNA between the two amplifi- 
cation primers. The primer sequences were, IL-5, 
amplification primers 5'CGGATCCCACAGAAAT- 
TCCCACAA3' and 5'TOATATCCACrCGGTGT- 
TCArrAC3'; hybridisation primer 5'CTTCAGT. 
CjCACAGTTGGTGAT3'; P-actin, amplification 
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primers 5'TCACCAACTGGGACGACATG3' and 
S'GTACAGGGATAGCACAGCCrr; hybridisaUon 
primer 5'CAGCCATGTACX}TTGCTATC3'. In some 
experiments, total cellular RNA was extracted from 
an aliquot of cells at the time the transcription 
reactions were set up, RNA was extracted, reverse 
transcription was performed and 4X10^ cell equiva- 
lents of cDNA were subjected to RT-PCR. 

The PGR products were size fractionated by elec- 
trophoresis in 1.2% agarose (ScaKem ME, FMC 
Bioproducts, Rockland MA, USA). PGR products 
were detected either by staining with ethidium bro- 
mide or by Southern hybridisation after alkaline 
transfer to Hybond-N + nylon membrane, and auto- 
radiography at -l(fC using Kodak X-ray film 
(Eastman Kodak, Rochester. NY). Blots were prehy- 
bridised in 7% SDS. 0.25 M NaPj, pH 7.2. 1 mM 
EDTA for 2 h at 50T. 120 ng of hybridisation 
primer, end labelled with ^^P using T4 polynu- 
cleotide kinase (Pharmacia), was added overnight at 
50*C Blots were washed twice with 2 X SSC 0.1% 
SDS at room temperature for 5 min, and once with 
1 X SSC 0.1% SDS at SO^'C for 15 min. The intensi- 
ties of the bands from the autoradiographs or nega- 
tives were quantitated by scanning densitometry 
(LKB densitometer, Sweden) or using the NTH im- 
age program (version 1.55; Wayne Rasband, NIH, 
USA). 

2.5. mRNA stability studies 

Plasmid pSPAG2 (kindly provided by A. Guiffre, 
Haematology Dept. SL Vincents Hospital), was de- 
rived from pSP64(polyA) and contains the binding 
sequences for the two human IL-5 amplification 
primers described above (Guiffre et al., 1993). Com- 
petitor RNA (cRNA) was generated by linearising 
the plasmid with EcoRl and performing a transcrip- 
tion reaction using an SP6 Riboprobe Transcription 
System (Promega). The resultant cRNA was sepa- 
rated from the template DNA by band interception 
after electrophoresis through a 4% followed by a 3% 
Nusieve agarose gel (FMC Bioproducts). Bands were 
detected by UV light and excised firom the gel, 
melted at 6TC for 10 min. diluted in DEPC-treated 
water, cleaned by repeated phenol extractions, and 
quantitated by absorbance at 260 nm. 

cDNA synthesis was carried out in a final volume 
of 48 ^.1 and contained 10 |tl of RNA consisting of 



5 (il of total cellular RNA (2 X 10^ cell equivalents) 
and an equal volume of known numbers of cRNA 
molecules. The other components of the RT reaction 
are described above. cDNA was then subjected to 
PGR for 35 cycles, using the conditions described 
above. Amplification of IL-5 cRNA and IL-5 mRNA 
yields PGR products of 103 bp and 328 bp, respec- 
tively. PGR products were separated by agarose gel 
electrophoresis, transferred to Hybond-N + nylon 
membrane, and hybridised using two labelled 
primers, the wild-type IL-5 hybridisation primer (de- 
scribed above) and the cRNA hybridisation primer 
(5'GATGGGAGGAACGGAAAG1T3') (Guiffre et 
al., 1993). Hybridisation conditions were as de- 
scribed above. 

Laser densitometry was used to calculate the sig- 
nal su:ength of both IL-5 mRNA and IL-5 cRNA 
bands. The ratios of IL-5 cRNA to IL-5 mRNA were 
calculated for each point A graph plotting the num- 
ber of cRNA molecules against the cRNA/mRNA 
ratio was generated and the line of best fit was 
generated by linear regression analysis. The number 
of cRNA molecules where the ratio equals 1 was 
calculated, and this was determined to be Uie number 
of 11^5 mRNA molecules. To derive RNA stability, 
the number of IL-5 RNA molecules was plotted 
against the time in hours and mRNA half-life was 
calculated using linear regression analysis. Values 
were expressed as die mean and standard error of 
triplicate experiments. All statistical analyses were 
performed using Student^s paired r-test A p value 
< 0.05 was considered statistically significant 



3. Results 

3.L Conventional nuclear run on assay 

HSB-2 cells were activated witii PMA and iono- 
mycin, which induces a marked increase in toul 
cellular IL-5 mRNA witiiin 3-4 h (J.E. Valentine 
and W.A. Sewell, unpublished observations). 4 h 
after activation, nuclei were extracted and subjected 
to the conventional nuclear run on assay for 30 min. 
Nuclei were lysed and RNA was extracted and hy- 
bridised to membrane-bound fragments of IL-5 
cDNA. No IL-5 transcription was detected, even 
when very high cell numbers of 10' or 10' cells 
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Fig. 1. Analysis of tnuiscripUon by the conveational nuclear run 
on assay. Nuclei wexe extracted from either 10' or 10' HSB-2 
cells stimulated with PMA and ionomycin for 4 h. TranscripCs 
were ' P-labeUed by elongation in vitro, extracted and hybridised 
to Uie indicated IL-5 or GAPDHcDNA fregmenu that had been 
blotted onto the membrane. Hybridisation to pGEM-3Z without 
any cDNA insert was also assessed and was not detected. 

were utilised (Fig. I). The presen^of readily de- 
tectable GAPDH transcription in this assay indicated 
that the nuclei were intact and that transcripdon was 
occurring. 

3,2. Novel PCR based nuclear run on assay 

A run on assay was developed with the following 
modifications: nuclei were split into two aliquots, 
one of which contained all four rNTPs and the other 
had no rNTPs; no radioactive UTP was used; at the 
end of the in vitro transcription reactions, products 
were delected by RT-PCR. All other aspects of the 
nuclear extraction and transcription reactions were 
identical to the conventional assay. HSB-2 cells were 
activated and after various times nuclei were har- 
vested for the novel run on assay. No E--5 transcripts 
were detected in unstimulated cells either in the 
presence or absence of transcription reactions (Fig. 
2A, 0 h, + and — transcription reaction, respec- 
tively).. When nuclei were harvested 2 h after stimu- 
lation, IL-5 RNA was detected in the sample with 
rNTPs, with littie or no signal in tiie sample witiiout 
rNTPs. In nuclei taken 4 h after stimulation* \Lr5 
signals were present in both samples. In cells tiiat 
were cultured for 16 h after activation prior to 
harvesting die nuclei, littie IL-S RNA was detected 
in citijer sample (Fig. 2B). Total ceUular IL-5 mRNA 
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Rg. 2. Kinetics of IL>5 transcription. Nuclei were isolated from 
10^ HSB-2 cells stimulated with PMA and ionomycin for 0 to 4 h 
(A) and 2 and 16 h {B), Nuclei were incubated for 30 min with 
(+ transcription reaction) or without (-transcription reaction) 
rNTPs. RNA was extracted, RT-PCR was perfonned and tran- 
scripts were detected by gel electrophoresis and Southern hybridi- 
sation with an internal "P-labcllcd probe. Toul cellular RNA was 
analysed by RT-PCR to assess IL-5 mRNA abundance at the 
equivalent time points. Results are represenutive of two indepen- 
dent experiments. 
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Fig. 3. Effect of different signalling pathways on the rate of 
transcription. Nuclei were extracted from 10* ' 7-day<ultured 
PBMC and exposed for 3 h to medium alone (lanes ^ PHA 
(lanes b). PMA and ionoroydn (lanes c). PMA (lanes d). iooo- 
mycin (lanes e) or recocnbinaot IL-2 (laoes 0. Hk amount of U^5 
transcription was assessed as described in Fig. 2, except the 
transcripu were identifled by size fractionation without Southern 
hybridisation. The amount of p-actin transcription was used u an 
internal control to ensure the integrity of the nuclei ResulU shown 
aie leptesentative of three independent experimentt. 
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|i Hg. I. Anslysis of transcription by tlie conventUmal iiucicaf run 
I; oh assay. Nuclei were extracted from eidwr 10* or 10* HSB*2 
I cdls siiiDuJalcd with f»MA and io»oinycin for 4 h. Tni05crip(« 
I wcrer ^^P iabelted by eJoagaUon in vitro, extmctcd and hybridised 
1(0 the imlivsiteJ IL-5 or GAPDU cDNA fragineiiuc thtt had beea 
|:hiottcd onto the mcmbrsuv. Hybridisation to pGGM-3Z without 
g: 4hy cDNA insejt vfc-as a!$o assessed ind was jkh detected. 



I WW Utilised (Fig. I). The presence of readily dc- 
||fectable GAPDH transcription in this assay indicated 
I^Mt the nucld were intact. and that transcription was 
loocvirring, 

|5i;2. Movd PCR b<mu1 iiuvlear nm on owwv 

A run on assay was developed with the following 
l^iroodiflcations: nuclei were split into two aliquols, 
||dne of which contained ail four rNTPs and the other 
|iad no rNTPs; no radioactive UTP was used; at tlie 
l^nd of the in vitro transcription reactbiis, products 
Hferc detected by RT-PCR. All other aspects of the 
Hiuclear extraction and transcriptioit leactioiis were 
^ntical to the conventional assay. HSB-2 cells were 
llctivaied and after various times nuclei were har- 
J|c^cd for the novel run on assay. No ILrS transcripts 
"^^^ detected in unstimulated cells either in the 
llresence or absence of transcription reactions (Fig. 
|pi|i» 0 h, -f and - transcription ttaction, respcc- 
0/ When nuclei were harvesied2,h affcec.s^ 
jjon, U^5 RNA was detected In [ihfeia^ 
|fi^TP$. with little or no signal in the sample Witiiout 
I^TPs. In nuclei taken 4 h after stimulation, 11^5 
llnals vfcrs present in both samples. In cells that 
^ijre cultuticd for 16 h after activation prior to 
iiryesting the nuclei, litde lL-5 RNA was detected 
1^ eiiiicr .sample <Fig. 2B). Total celluhu- 11.-5 roRNA 
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Bg. 2. Kinetic* of IL-5 !rajG;;>£.T^mon. Nuclei wcre.isolned ftwis 
10* HSB-2 cells stimuUvcU with PMA ami iouowycin fvrO tt» A h 
(A) and 2 Jihii' 1.6 b (jB), .Nuclei were iiK-ulvjurd for 30 mift with 
C-r iranscription Rtacium) or widuMil < - tranjtcription rcnction) 
rhTfPs. R.\A wtA rxiracted, RT-PCK wns iHrrformed m\ Iran-, 
sacripti; were deiectc^l l>v gel clectfopborcsis and iviMiiherii hybridi* 
saiion with an interna! P-IabelJed piohc. Total cellular RNA vt3« 
au<Uyvcd by RT-KJR to stssrss. lL-5 mRNA jibuddaricc .nl fhc 
equivalent time poinbi. Results are repfr>en!flTjv-tr i»f two indcpcn- 
dent rxpriiTnents. 
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Fjg. 3. Effifci of different si^inaUfng pathways oo the f«« of n--5 
trinscriptioii. KtieVet exirectod frdtn 10"* iKlay'-ciijUuircd 
FBMC issd txposei for 3 b to iiM^ixm ^^^^ iOkie^fltl^il^ 
(iauca bX FMA dnd joaomycin Oartes c)i J^MiM^l0^m6^ 
sayc'vx iissstA c) or rmNnbinant \L-1 ildxves I). The ajno^ 
UTutycfiptton was Mtt»ml as iV*«rihed la Ft^' l^.^fixt^j^^ 
iranscripu wri« idriHified by iiiJt fraciMmUion without Sknit^nj 
hybrfdiwition. The amouat of f)-«i.nin u^mKCiiptioci Uras uaed'oft'^til 
interrml control to en^uic tlie iniesriiy of tht* nuclei. Restilis shortm ' 
am ueprBMrnuii'^ie of thi«e independenc otperimcius. . \< 
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Fig. 4. RT-PCR of IL-5 mRNA and cRNA. HSB-2 cells (2 X 10* cclls/ml) were cultured with PMA and ionomycin for 16 h. Cells were 
then harvested ai 0. 4, 8 and 24 h after this time. Total cellular RNA was extracted and IL-5 mRNA expression analysed by quamilativc 
RT-PCR- For each time point 4 reactions, consisting of 2 X 10^ cell equivalents of cellular RNA and lO', 10*. lO' or 10* competitor RNA 
molecules (lanes a, b, c and d respectively) were performed. The 328 bp IL-5 mRNA PCR fragment and the 103 bp cRNA fragment were 
identifled by size fractionation and Southern hybridisation. The figure shown is Depresentative of three experiments. 



was also assessed. It was absent in the unstimulated 
sample, and readily detected in the sti^nulated cells at 
2. 4 and 16 h after activation. Similar results were 
found with 7-day-cuIlured PBMC (data not shown). 



Induction of IL-S transcription via differed 
signalling pathways 

IL-5 mRNA expression is induced in human 
PBMC and 7-day-cultured PBMC in response to a 
range of stimuli (Rolfe ct aL, 1992). The effect of 
different agents on the rate of IL-5 gene transcription 
was investigated. 7-day-cultuFed PBMC were stimu- 
lated with medium alone, PHA, PMA and iono- 
mycin, PMA alone, ionomycin alone or rIL-2 for 3 
h. As shown in Fig. 3, there was no IL-5 descrip- 
tion or IL-5 RNA in the nuclei in unstimulated 
7-day-cultured PBMC. IL-5 gene transcription was 
induced in response to all stimuli. Stimulation of the 
cells with PHA, PMA and ionomycin and PMA 
alone gave the greatest rates of IL-5 transcription. 
p-Actin transcription was also analysed as a control. 
The amount of p-actin transcription in all of these 
samples, including the unstimulated sample, was 
similar, indicating they all had intact nuclei and 
equal constitutive transcription. 

3,4. Analysis of the rate oflLrS mRNA degradation 

By 16 h after activation, ongoing IL-5 transcrip- 
tion could not be detected and little IL-5 RNA was 
present in the nuclei (Fig. 2). By contrast, IL-5 
mRNA was detected in total cellular mRNA from 4 
to 48 h after activation (Rolfe et al., 1992; Sewell et 
al., 1992). Therefore, 16 h after activation provided 
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Fig. 5. Calculatioo of the number of 0.-5 molecules in cellular 
RNA samples from stimulated HSB-2 cells. (A) The intensity of 
OL-S mRNA and IL-5 competitor RNA signals was determined by 
densitometry. Their ratio was calculated and plotted against the 
number of competitor RNA molecules. The data are presented as 
mean±SEM of three experintents, of which Fig. 4 is ivprMenta- 
tive. (5) The number of IL-5 mRNA molecules in the cellular 
RNA samples was calculated from the point where the ratio 
equals 1 in the graph in part (A). For each time point the absolute 
number of IL-S mRNA molecules was calculated and plotted 
against the time in hours. 
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an ideal starting lime point for studies on the rate of 
IL-5 mRNA degradation. HSB-2 cells were activated 
with PMA and ionomycin for 16 h. Cells were 
harvested at 0 (equivalent to 16 h post-stimulation), 
4, 8 and 24 h later and total cellular RNA was 
extracted. 

2 X 10' cell equivalents of RNA for each time 
point were combined with titrated amounts of IL-5 
cRNA» ranging from 10' to 10' molecules, and 
subjected to RT-PCR. IL-5 mRNA and cRNA were 
separated by gel electrophoresis and identified by 
Southern hybridisation as shown in Fig. 4. Densito- 
metric analysis was performed to determine the ratio 
of IL-5 mRNA to IL-5 cRNA. The ratio was then 
plotted against the number of IL-5 cRNA molecules, 
as presented in Fig. 5A. The number of IL-5 mRNA 
molecules in the stimulated HSB-2 cells at the 0, 4, 8 
and 24 h time points is shown in Fig. 5B. At the 4-h 
time poijit (equivalent to 20 h after stimulation), die 
number of IL-5 mRNA molecules in an activated 
HSB-2 cell ranged from 156 to 189 (n» 10). The 
half-life of IL-5 mRNA, that is the time taken for 
half the number of IL-5 molecules to decay, after 
PMA and ionomycin stimulation was 2.6 ± 0.3 h in 
HSB-2 cells and 4.0 ± 0.4 h in 7-day-cultured PBMC 
(n - 6). 



4. Discussion 

IL-5 transcription could not be detected with the 
conventional nuclear run on assay (Fig. 1). We there- 
fore developed a novel assay based on the PGR. 
Because the run on products are not labelled, tran- 
scription that takes place in the isolated nuclei must 
be distinguished from RNA already present in the 
nuclei prior to isolation. This is achieved by includ- 
ing control samples, lacking rNTPs, for every tran- 
scription reaction. In such samples, shown as 
transcription reaction* in Fig. 2 and 3, IL-5 signals 
were not detected in nuclei from unstimulated cells, 
were weak or absent in cells stimulated for 2-3 h, 
were readily detected at 4 h, and were weak by 16 h 
(Fig. 2). In Figs. 2 and 3, die PCRs were terminated 
when products in the * + transcription reaction' tracks 
were still accumulating exponentially, providing a 
more accurate distinction between the *+* and * - * 
tracks. The total cellular RNA signal was absent at 0 



h, rose from 2 to 4 h and was readily detectable at 1 6 
h. In activated cells, nearly all the IL-5 mRNA is in 
die cytoplasm (data not shown). However, it is very 
unlikely that the *- transcription reaction* tracks 
represent contamination of the nuclear samples with 
cytoplasmic RNA, because at 16 h total cellular 
RNA was abundant when the ' - transcription reac- 
tion' signal was weak (Fig. 2). 

In unstimulated T cells, no IL-5 RNA was present 
in the nucleus prior to isolation and no new tran- 
scription was detected (Figs. 2 and 3). This is consis- 
tent with the absence of IL-5 mRNA in RT-PCR on 
total cellular RNA of unstimulated T ceils (Fig. 2; 
Rolfc et al., 1992; Sewell et al., 1996). In tiiese cells, 
aldiough diere was no IL-5 transcription. 3-actin 
transcription was readily detected (Fig. 3), consistent 
witii findings on total cellular mRNA (Rolfe et a!., 
1992). At 2 h after activation, IL-5 transcripts were 
much more readily detected- in die samples with 
transcription reactions tiian in those widiout (Fig. 2). 
This is consistent witii the appearance of detectable 
cellular IL-5 mRNA from tills time onwards. At later 
time points, the abundance of IL-5 transcripts was 
similar in the samples with and without transcription 
reactions (Fig. 2), suggesting tiiat ongoing IL-5 tran- 
scription had ceased and that the assay was detecting 
transcripts formed in the nuclei prior to the nuclear 
isolation. We conclude tiiat the amount of ongoing 
transcription in die cells at the time of nuclear 
harvest is represented by the difference between die 
samples widi and without transcription reactions. 
IL-5 transcription is predominandy occurring within 
the first 4 h after activation. 

The primers used in the present experiments give 
rise to a 328 bp PGR product from completely 
spliced cDNA and a 1.5 kb fragment from genomic 
DNA. In die PCR based nuclear run on assay, the 
size of the principal products was consistent with 
complete splicing, and larger PCR products were not 
detected (Figs. 2 and 3). It is commonly believed 
tiiat the splicing machinery in isolated nuclei is 
inefficient, resulting in die presence of unspliced 
transcripts. For example, in a recent description of 
the use of RT-PCR as a measure of gene transcrip- 
tion, analysis was based on the detection of un- 
spliced RNA (Elferink and Reinets, 1996). 

There are two possibilities for die predominance 
of spliced products widi die novel mediod. Firstiy, 
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splicing may not be completely absent in isolated 
nuclei. Intact splicing machinery can be recovered 
from nuclei prepared with techniques similar to those 
employed in the present experiments (Eperon and 
Krainer, 1994). Secondly, in isolated nuclei, any 
transcription in the * + transcription reaction' sam- 
ples, even initiated at strand breaks, would provide 
fragments which could act as primers for preformed 
mature transcripts. It should be noted that in the * ~ 
transcription reaction* samples, if the PGR was con- 
tinued for several more cycles, (B-actin was always 
detected and IL-5 was detected in all cases except 
unstimulated cells. Therefore mature transcripts are 
present in the nucleus in low abundance, and are 
available to act as templates in the PGR. In either of 
these two possibilities, the PGR conditions, which 
were not designed to facilitate the production of the 
longer unspliced products, would favour amplifica- 
tion of completely spliced transcripts, even if they 
were present in low amounts. 

The novel PGR based nuclear run on assay has 
certain advantages over the conventional assay. Most 
notably there is increased sensitivity, with IL-5 tran- 
scription detected in experiments with as few as 10^ 
cells (Fig. 2). This contrasts with the absence of 
detecuble IL-S transcription in 10' cells using the 
conventional nuclear run on assay (Fig. 1). This 
method is potentially applicable to other genes ex- 
pressed at low abundance, such as cytokine genes. 
The method is amenable to quantitation, by perform- 
ing an analysis such as the quantitative RT-PCR 
described in this paper, on RNA extracted from 
samples at the conclusion of the nuclear run on 
assay. 

The lack of constitutive Description in unstimu- 
lated cells (Figs. 2 and 3) suggests that the absence 
of IL-5 nUlNA in such cells is not due to rapid 
mRNA degradation. By contrast, the related cy- 
tokines IL-3 and IL-4, whose genes are in the same 
chromosomal region as VLr5 (van Leeuwen et al., 
1989). are transcribed and rapidly degraded in un- 
stimulated cells (Ryan et al., 1991; Dokter et al., 
1993). As there is no evidence for basal IL-S gene 
transcription, then all stimuli of IL-S mRNA accu- 
mulation would be expected to induce IL-5 gene 
transcription, as was observed (Fig. 3). IL-5 cellular 
mRNA is relatively stable (Figs. 4 and 5), account- 
ing for its persistence for 24-48 h after activation 




(Rolfe et al., 1992). even though it is only tran- 
scribed within the first 4 h after activation (Figs. 2 
and 3) Murine IL-5 gene expression is regulated 
predominantly at the level of gene transcription 
(Naora and Young, 1994). The experiments reported 
in this paper, taken together, indicate that human 
IL-5 expression is also principally regulated in this 
way. 
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